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4. Piezometers placed at selected points in the chute and stilling 
basin and in  one chute block indicated that pressures were within 
allowzide limits in all  parts  of the structure. Subatmospheric ' 

pressures  recorded on the chute in the vicinity of the toe of the 
hydraulic jump and on the chute block did not occur often enough 
to warrant modification of the basin o r  the chute blocks. 

5. :Nave  heights in the downstream channel were observed to be 
l e s s  than 1 foot.in height. 



---- 
m e  roe of the hydraulic jump remained on the sioping chute and 
sweepout could not be achieved. 

7. Tests comparing performance of the stilling basin with and 
without the chute blocks indicated that the chute blocks apparently 
were not necessary for  efficient operation of the basin, however, 
the blocks were retained in the design. - 

* i 'I . J 

INTRODUCTION 
b 

Bully Creek Dam, located about 8 miles northwest of Vale, Oregon, 
Figure 1, is one of the principal features of the Vale Project. The 
dam is a rolled earthfill structure about 104 feet high and 3, 000 feet 
long, Figure 2.  The overflow spillway is located in the right abut- 
mdnt of the dam, and the outlet works, located to the left of the 
spillway, divides into the creek outlet works and a canal outlet 
works, Figure 3 .  The model studies for the canal outlet works a re  
described in this report. Studies of the Bully Creekboutlet works  
a r e  described in Hydraulics Branch Report No. Hyd-494. 

.-, 

The canal outlet works, controlled by a single 3-foot 3-inch square 
high pressure slide gate, Figure 4, has a maximum design dis- 
charge capacity of 288 second-feet, which is the bank-full capacity 
of the canal, and a normal operating discharge of 110 second-feet. 
The gate is sized to pass the required canal releases for low heads 
while fully opened but will be only partially opened to pass the max- 
imum and normal discharges for  higher reservoir  elevations. The 
gate discharges on to a 2:l sloping diverging chute, into the hydrau- 
lic jump stilling basin, Figure 5, and then into the canal. 

d 

THE MODEL 

The 1:9. 75 model of the Bully Creek canal outlet works consisted of 
the high pressure slide gate, the 2: 1 sloping diverging chute, the 
hydraulic jump stilling basin, ana a portion of the canal. The model 
arrangement is shown in Figure 6. 

The chute floor and the stilling basin were constructed of plywood s 
treated to res i s t  swelling and the warped surfaces of the chute train- 
ing walls were formed with concrete. The stilling basin included 
chute blocks and a dentated end sill. The canal was initially shaped I 

using sand with an average size of 0.8 millimeter; a 2-'112-inch- 
thick layer of 1 - 112 -inch-diameter gravel was later  placed in the 
canal to represent the proposed rock riprap. 
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model by a 2- 1 / 2 -inch-thick layer  d gravel with a maximum 
diameter of 1 - 112 inches. The r iprap  was  subjected to 4 hours'  
model operation at the maximum discharge of 288 second-feet, 
tailwater elevation 2456.38. The condition of the r iprap  before 
and af ter  the erosion tes t  is shown in  Figures  8C and D. There  
was  no apparent movement of the r ip rap  in any part  of the chan- ' 

nel, indicating that adequate protection would be provided. 

P ressures .  --Both static water manometer pressures.and # 

dynamic instantaneous p ressures  were recorded fo r  each of the 
24 piezometers in the model. Piezometer locations a r e  shown 
in  Figure 9.  Piezometers 1 and 2 were  placed in  the chute, 
Piezometers  3-14 were  placed on the right training wall of the 

a 

stilling basin, and Piezometers  15-24 were  placed in the second 
chute block f rom the left wall of the basin. 

Table 1 l i s t s  the static and dynamic pressures ;  dynamic p ressure  
records  fo r  piezometers located on the chute and on the chute 
blocks a r e  shown in Figure 10. 

The static water manometer p ressures  were  in al l  cases  above 
atmospheric; however, the instantaneous dynamic pressure  
record  indicaied subatmospheric minimum pressures  a t  Piezom- 
e t e r s  1 and 2 on the chute, Piezometers  4 and 7 on the stilling 
basin training wall, and al l  piezometers on the chute block. The 
lowest pressure,  23.4 feet of water below atmospheric, was 
recorded at  Piezometer 16 on the chute block. A pressure  of 
21.5 feet of water  below atmospheric occurred at  Piezometer 21, 
also on the chute block. It should be noted that these p ressures  
prevailed l e s s  than 1 percent of the time; therefore, it is doubt- 
ful that cavitation damage will occur. 

Waves. --Waves observed in the downstream channel were 
3ZEFVed to  have a maximum height of about 1 foot f o r  the max- 
imum discharge of 288 second-feet. Waves occurring at the 
normal discharge of 110 second-feet were  negligible. No attempt 
was made to determine the frequency a t  which the waves reached 
the banks of the channel because of the i r  very  smal l  s ize  in the 
model. 

Tailwater sweepout test .  --The tailwater was lowered 1.4 feet r' 
below the design tailwater for  both the maximum and normal dis- 
charges. This  is the lowest possible tailwater f o r  the given canal 
c ro s s  section. For this minimum tailwater the toe of the hydrau- I 

l ic  jump remained on the sloping chute and sweepout could not be 
achieved. This indicates that the margin of safety between the 
design tailwater and the tailwater.at which the hydraulic jump 
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bakiin ils something greater than-1.4 feet, an adequate safety mar-  
- 

gin for a known canal section. Operation of the basin with the 
lowered tailwater is shown in Figure 11. 

Water* --- surface profiles. --Average water surface profiles were 
determined for the recommended stilling basin, Figure 12, and 
used in conjunction with the pressure data a s  aids in the struc- 
tural  design of the basin trsining walls. Data were plotted for 
both the maximum and normal discharges and the pressure pro- 
files were based on the average static pressures measured by 
water manometers at Piezometers 1, 5, 8, 11, and 14. The 
figure shows close agreement between the pressure profiles for 
both discharges. The figure also shows that the pressure pro- 
files a r e  somewhat lower than the observed water surface pro- 
files, which is probably due to the bulking effect of entrained 
air in the flow and the difficulty in measuring the effective water 
depth. 

Operation of the stilling basin without chute blocks. --The chute 
blocks at the upstream end of the stilling basin were removed to 
determine whether they were necessary for efficient operation of 
the basin. Observation at both the normal and maximum dis- 
charges, Figure 13, indicated that the basin performed satisfac- 
torily without chute blocks. Turbulence at the end of the basin. 
appeared to be somewhat increased for the maximum discharge, 
but the operation was entirely satisfactory. No change in the 
flow conditions was noted for the normal discharge. Water sur -  
face profiles measured with the chute blocks removed from the 
stilling basin a re  shown in Figure 14. Comparison of Figures 12 
and 14 shows that a higher roller occurs near the midpoint of the 
basin with the chute blocks installed, indicating that the blocks 
induce a more complete dissipation of energy in the upstream 
end of the basin. 

Although the results of this test  indicated that the basin operated 
satisfactorily without chute blocks, it  was suggested that the 
chute blocks be retained for use in future research. The proto- 
type basin can be easily unwatered for inspection of the chute 
blocks to determine i f  the subatmospheric .pressures indicated 
in the model might also exist in the prototype to such an extent 
a s  to cause cavitation damage. 
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Figure 8 
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A. Sand channel bef 3re ero- B. Channel after 4 hours' 
sion test. model operation a t  Q = 

288 cfs; tailwater ele- 
vation 2456.38. Note 
slight deposition of mate- 
r i a l  a t  end of basin. 

C. placement of proposed n. Conc~ition of r iprap after 
rock r iprap in channel. ' 4 hoi. rs' model operation 

a t  Q = 288 cfs, tailwater 
elev; tion 2456. 38. 
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